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Summary findings
From the earliest times, water resources have been the economic principles behind allocating scarce water
allocated on the basis of social criteria - maintaining the resources, they review the actual means of various
community by ensuring that water is available for human mechanisms used for allocating water, including marginal
consumption, for sanitation, and for food production. cost pricing, social planning, user-based allocation, and
Societies have invested capital in infrastructure to water markets. Giving examples from experience in
maintain this allocation. several countries, they weigh the pros and cons of
Yet social change, including changes in (and more different approaches to water allocation, showing that no
understanding of) how goods are distributed, has single approach is suitable for all situations.
produced new issues in water allocation. Population Clearly the state must play an important regulatory
growth has made water scarcity a major problem in many role, for example, but how effectively it does so depends
countries and water pollution, while by no means a on the relative political influence of various stakeholders
recent problem, is more widespread than ever before. and segments of society. User-based allocation is
Traditionally the state has played a dominant role in generally more flexible than state allocation, but
managing water resources, but inefficient use of water, collective action is not equally effective everywhere; it is
poor cost recovery for operating and maintenance most likely to emerge where there is strong demand for
expenses, the mounting cost of developing new water water and a history of cooperation. The outcome of
sources, and problems with the quality of service in market allocation depends on the economic value of
agency-managed systems has led to a search for water for various uses, but moving toward tradable
alternatives that make water allocation and management property rights in water may ease the process of
more efficient. intersectoral reallocation by compensating the "losers"
Dinar, Rosegrant, and Meinzen-l)ick address some of and creating incentives for efficient water use in all
the basic principles of treating water as an economic sectors.
good and of allocating it among sectors. After outlining
This paper - a joint product of the Sector Policy and Water Resources Division, Agriculture and Natural Resources
Department, and the International Food Policy Research Institute -is part of a larger effort implement the 1993 World
Bank's Water Resources Management Policy. Copies of this paper are available free from the World Bank, 1818 H Street
NW, Washington, DC 20433. Please contact Michele Rigaud, room S8-258, telephone 202-473-0344, fax 202-522-3309,
Internet address mrigaud@worldbank.org. June 1997. (41 pages)
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2WATER ALLOCATION MECHANISMS-
PRINCIPLES AND EXAMPLES
INTRODUCTION
Water resources provide important benefits to humankind, both commodity benefits and envi-
ronmental values. Because of the increasing scarcity of water for both its commodity and envi-
ronmental benefits and scarcity of the resources required to develop water, economic considera-
tion plays an increasingly important role in public decisions on water projects, reallocation
proposals and other water policies.
Water has traditionally been provided to meet demand with substantial involvement of
governments. Allocation by governments, usually referred to as public allocation, has usually
not addressed economic efficiency, but has been necessary because of several features that
distinguish water from other scarce resources.
What is so unique about water? It has several characteristics that make the role of the
public sector in its development and management more essential than for other goods that can be
handled efficiently in a market framework. For example, some water services are public goods,
that is, their provision to one individual does not eliminate other individuals from using it. The
lack of beneficiary identification may cause under-investment, mis-allocation of the resource,
and negative externality effects among the potential users, leading to market failure. Other
services are characterized by economies of scale, that is, the average cost decreases as more units
are produced. This may create monopolistic power and socially inefficient allocation, leading to
market failure. Water projects are usually associated with large investment; most capital mar-
kets do not have the capacity to finance such huge investments over the necessary time period.
Because of the range of market failures and the large volume of capital needed for water proj-
ects, a significant share of water-related infrastructure investments are conducted by the public
sector (World Bank, 1993). In some cases, water allocation is used by governments to promote
agrarian reforms, so that additional objectives, such as income redistribution, settlement of
remote regions, or food security, enter the social welfare equation. There are other characteris-
3tics of water, such as its physical nature, which make it hard to transport and allocate, and the
fact the it is a common pool resource, allowing several users to benefit from its consumption.
For these reasons, public (government) allocation of water is still the main mechanism in many
countries.
The objectives of water resources policy and the criteria for the allocation of water can
be targeted via numerous forms of allocation, ranging from complete control by the government
to a mixture of market and government allocation, to predominantly market allocation (even the
latter, however, requires government support and intervention as explained above). Since coun-
tries and circumstances vary widely, allocation within any country can be regarded as a unique
system for sharing the available water across the known sources of demand. The structure of any
particular system of water allocation is of course influenced by the existing institutional and
legal frameworks as well as the water resources infrastructure. Indeed, some forms of allocation
are likely to require a specific set of laws and regulations, organizations, and water resources
infrastructure to operate effectively. The major forms of allocation, however, are relatively few.
This paper identifies several of them, together with their major advantages, and disadvantages,
and provides examples of their use in various countries.
ECONOMIC PRINCIPLES OF SCARCE RESOURCE
ALLOCATION
Water resources that comprise surface water (rivers, lakes, and reservoirs), groundwater, flood-
water, and, with the advent of new technologies, desalinated water, are an essential input for
various economic sectors, such as municipal, industrial, agricultural, hydropower, recreation and
environmental. With increased population growth rates, improved life style, and dwindling
supplies (both in terms of quantity and quality), the competition over scarce water resources is
increasing. It is thus of increasing importance that the existing water resources be allocated
more efficiently. It is therefore necessary to make economic decisions compatible with social
objectives, that is efficiency and equity considerations. While economic efficiency is concerned
with the amount of wealth that can be generated by a given resource base, equity deals with the
distribution of the total wealth among the sectors and individuals of society. Many forms of
water allocation schemes attempt to combine both efficiency and equity principles.
4Economic Efficiency
Allocation of water to different sectors can be viewed from a purely economic point of
view as a portfolio of investment projects: water is the limited resource (capital), and the eco-
nomic sectors use the capital and produce returns. In an economically efficient resource alloca-
tion, the marginal benefit from the use of the resource should be equal across sectors (that is,
uses) in order to maximize social welfare. In other words, the benefit from using one additional
unit of the resource in one sector should be the same as it is in any other sector. If not, society
would benefit by allocating more water to the sector where the benefits, or returns, will be high-
est.
Equity
Resource allocation may also be based on equity. Equity objectives are particularly
concerned with fairness of allocation across economically disparate groups, and may or may not
be consistent with efficiency objectives. In the case of household water, for example, an equita-
ble allocation of water resources suggests that all households, regardless of their ability to pur-
chase water, still have a basic right to water services. Meeting this objective may entail provid-
ing government subsidies or free service, or perhaps adopting a differential pricing structure
based on income.
Criteria for Allocation
Appropriate means of resource allocation are necessary to achieve optimal allocation of
the resource. There are several criteria used to compare forms of water allocation (Howe et al.
1986):
* Flexibility in the allocation of supplies, so that the resource can be shifted from
use to use, place to place, as demand changes, making it possible to equate mar-
ginal values over many uses with least cost.
* Security of tenure for established users, so that they will take necessary measures
to use the resource efficiently; security does not conflict with flexibility as long
as there is a reserve of the resource available to meet unexpected demands.
5* Real opportunity cost of providing the resource is paid by the users, so that other
demand or externality effects are internalized. This allows the allocation to ac-
count for environmental uses with a non-market value (such as providing a
habitat for wildlife). This also directs the employment of the resource to activi-
ties with the highest alternative values.
* Predictability of the outcome of the allocation process, so that the best allocation
can be materialized and uncertainty (especially for transaction costs) is mini-
mized.
* Equity of the allocation process should be perceived by the prospective users,
providing equal opportunity gains from utilizing the resource to every potential
user.
* Political and public acceptability, so that the allocation serves values and objec-
tives, and is therefore, accepted by various segments in society.
These criteria, frequently invoked in many water policy debates on the need for equity or
fairness in water allocation, and whether or not these criteria are relevant in the case of water.
An additional set of criteria should include (Winpenny 1994):
* Efficacy, so that the form of allocation changes existing undesirable situation
such as depletion of ground water, and water pollution, and drives towards
achieving desired policy goals.
* Administrative feasibility and sustainibility, to be able to implement the alloca-
tion mechanism, and to allow a continuing and growing effect of the policy.
6WATER ALLOCATION MECHANISMS
This section discusses the concepts, advantages, and disadvantages of several water allocation
mechanisms: marginal cost pricing, public allocation, water markets and user-based allocation.'
Marginal cost pricing
A marginal cost pricing (MCP) mechanism, in essence, targets a price for water to equal
the marginal cost of supplying the last unit of that water. An allocation which equates water's
unit price (the marginal value of water) with the marginal cost is considered an economically
efficient, or socially optimal, allocation of water resources. The efficiency criterion maximizes
the total value of production across all affected sectors of the economy.
Water supply charges typically include collection, transport to a treatment plant, water
treatment to meet quality standards, distribution to customers (Spulber and Sabbaghi 1994), and
monitoring and enforcement. Water charges typically do not include headworks, which should
2be included. Water charges may also include any social costs (or benefits), although they may
be more difficult to calculate.3 If there are higher costs to allocate water to some uses than to
others, then the price can be differentiated to be equivalent to the relevant marginal cost of
provision to each type of use (Tietenberg 1988: 206; Spulber and Sabbaghi 1994). Although
water may have a scarcity value, which depends on location and time, it might not always be
reflected in the cost of the water consumers are faced with. The two concepts-social cost and
scarcity value-are reflected in higher MC curves then the private MC curve. MCP can be
applied also to develop differential prices for different qualities of water where higher-quality
water has a higher marginal cost of provision (Spulber and Sabbaghi 1994: 224). In the same
' While Meinzen-Dick and Mendoza (1996) include (volumetric) water pricing among public allocation
mechanisms, this paper distinguishes Marginal Cost Pricing from all other pricing schemes since most
public allocation mechanisms are quota-oriented, or if prices are introduced, they intend to recover costs
and are mainly based on average cost pricing.
2 The question of allocating costs of multi-use headworks among economic activities has been discussed
and used in the literatutre. Allocation methods used include: proportional allocation, Separable Cost
Remaining Benefit, marginal cost allocation, and game theory allocation methods. This issue is beyond
this paper's objective. However, the interested reader can find adequate information in Biddle and Stein-
berg (1984).
3For example, farmers using treated wastewater for irrigation, may be providing society with a disposal
option and treatment level that is cheaper than the next best option. Farmers may thus be providing an
environmental service, and the price they pay for the treated water should reflect this.
7way, reliability of supply is an important factor where higher marginal cost are associated with
higher level of reliability.
Advantages
The most obvious advantage of MCP is that it is theoretically efficient. Not only are the
marginal costs and benefits equal, but at the efficient price the difference between the total value
of water supplied and the total cost is at a maximum. MCP avoids the tendency to under-price
(and consequently overuse) water. Under conditions of scarcity, excessive water use is obvi-
ously undesirable and comes at a high social cost. A MCP system could avert overuse because
prices would rise to reflect the relative scarcity of water supplied. MCP approaches to water
allocation can also be combined with pollution charges or taxes so that the externalities in use of
water are embedded in the incentives facing the water user.
Disadvantages
One of the principle limitation of MCP relates to difficulties in defining marginal cost it-
self (Saunders et. al 1977). These difficulties are in part a result of problems in collecting suffi-
cient information to correctly estimate and subsequently monitor benefits and costs. Spulber and
Sabbaghi (1994) note the following definition problems:
* The marginal cost is multi-dimensional in nature, that is it includes sev-
eral inputs, such as water quantity and quality.
* The marginal cost varies with the period over which it is measured, that
is short-run vs. long-run marginal cost.
* The marginal cost varies depending upon whether a demand increment
is permanent or temporary. That is, the composition of fixed and vari-
able costs as determined by short and long-term demand has a signifi-
cant impact on the marginal cost.
8These issues, among others, create considerable difficulties in selecting a short-run
(SRMC) or long-run marginal cost (LRMC) figure for establishing price. Simply put, when
existing supply is fully utilized, water providers must invest huge sums in developing further
capacity. If MCP is strictly applied, then the high cost of expanding water supply (new reser-
voirs and pipes, for example) results in a "bump" in the marginal cost function of the water
provider which stabilizes only after the recovery of the large fixed costs.
MCP is also disadvantageous because it tends to neglect equity issues. In periods of
shortage or scarcity, if prices increase to the necessary level, lower income groups may be nega-
tively affected. Equity considerations need to be addressed when marginal costs push water
prices beyond what lower income groups can afford, and if those who invested earlier have to
pay more when new users are added.
At a more practical level, MCP is difficult to implement because it requires volumetric
monitoring, which is very costly and difficult to administer. Also, MCP concepts are frequently
poorly understood by those involved in policymaking and administration (United Nations 1980).
Moreover, the information requirements for an efficient system of administered prices are de-
manding and much of this information would necessarily be gathered by trial-and-error experi-
mentation (Phelps, Moore and Graubard, 1978). Information is expensive and mistakes made in
the trial-and-error process may be costly. If prices are set too low, demand for water would be
excessive, and if prices are set too high, water would be wasted to drainage.
Public (Administrative) Water Allocation
As mentioned before, three main points support the argument for public or government
intervention in the development and allocation of water resources: it is difficult to treat water
like most market goods, water is broadly perceived as a public good, and large-scale water
development is generally too expensive for the private sector.
Public allocation is seen in the majority of large-scale irrigation systems, where the state
decides what water resources can be used by the system as a whole, and allocates and distributes
water within different parts of the system. Public allocation of water has usually been associated
with water quantities, based on physical norms and political influence. Although the state allo-
cation usually applies only at the trunk and distributary level of irrigation systems, in systems
9with pukka warabandi rotation in Pakistan and India, the agency even specifies the particular
times and places individual farmers are entitled to water.
In the domestic water sector, both municipal water supply corporations and many rural
water supply and sanitation programs represent public allocation mechanisms. Public allocation
also dominates industrial water uses through the granting of permits and regulation of water
withdrawal and effluent discharge by individual companies and industries. Although hydro-
power is a non-consumptive use, it requires public water allocation through decisions to build
dams and the operating rules that change the flow patterns of rivers. Public allocation to fisher-
ies, wildlife, and navigation are embodied in restrictions on the development or withdrawal of
water for other uses.
The state's role is particularly strong in inter-sectoral allocation, as the state is often the
only institution that includes all users of water resources, and has jurisdiction over all sectors of
water use. This is particularly true in South Africa, as the new government attempts to bridge
the gulf between white and black farmers, wealthy suburbs with subsidized water supplies and
12 million blacks without potable water, as well as between domestic, agricultural, industrial,
mining, and wildlife sectors.4 Thus, the Water Law Review Panel (Republic of South Africa
1996:14) sets out the principle that:
"The national government is the custodian of the nation's water resources, as an
indivisible national asset, and has ultimate responsibility for, and authority over,
water resource management, the equitable allocation and usage of water, the
transfer of water between catchments and international water matters".
Many countries adhere to some form of Public Trust Doctrine, that maintains that the
state holds navigable waters and certain other water resources as an aspect of sovereignty.
Because these are held as common heritage for the benefit of the people, the state cannot alienate
such ownership of the basic resource and concomitant responsibility (Koehler 1995). This
argument has been used in both the United States and India as a basis for environmental protec-
tion (Moench 1995)--re-asserting the state's role in allocating water between agricultural, indus-
trial, municipal, and environmental sectors.
4The case of Orange Free State in South Africa, is a particularly relevant. An action program for the
creation of sustainable livelihoods in the rural and peri-urban economy via reallocation of existing water
quantities among landless inhabitants and rich farmers, is discussed (Free State Province, 1997)
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Advantages
Public allocation intends to promote equity objectives, that is, ensuring water supply to
areas of insufficient quantity. It can protect the poor, sustain environmental needs, and provide a
given level of water to meet minimal needs in the receiving sector. The physical allocation of
water among the users is independent of the charge. Allocation rules in this case can be based on
historical facts (such as prior rights), on equal shares in available water volumes, on individual
requirements, or even based on political pressure.
The list in Box I details the characteristics of water that establish a role for government
intervention and action in water allocation.
Box 1: The Case for Government Involvement in Water Management.
Water has several distinguishing features that can define a role for public action:
1. Large, lumpy capital requirements and economies of scale in water infrastructure tend to create natural
monopolies, warranting regulation to prevent overpricing. Moreover, many water investments pro-
duce joint products, such as recreation, electric power, flood control, and irrigation, which make pric-
ing and allocation decisions difficult.
2. The large size and extremely long time horizons of some investments, given underdeveloped capital
markets and the potential for political interference in many water infrastructure investments, reduce
incentives for private investments in the sector,
3. The uses of water within a river basin or aquifer are interdependent. Withdrawals in one part of the
basin reduce the availability of water for other users; groundwater pumping by one user may lower the
water table and increase pumping costs for all users; and pollution by one user affects others in the
basin, especially those located downstream. These interdependencies suggest that having all users
agree to the rules of the game--or lacking that, imposing government regulations, taxes, or both-could
improve the social value of water resources.
4. Certain aspects of water activities, such as the control of floods and waterbome diseases, are (local)
public goods, which cannot easily be charged for on the basis of individual use. In such cases, public
initiative may be required to ensure that levels of investment are appropriate.
5. Water resources are often developed because of their strategic importance for national security and for
regional development. Governments thus typically maintain ownership of water thoroughfares, pro-
viding services such as the coast guard and traffic regulation. Some regions are subject to periodic
droughts. Because water is essential to sustaining life, governments may take control of water.
Source: World Bank 1993.
Box I states clearly that there is no single objective to a public water allocation mecha-
nism. Although a national or state agency may consider MCP approach, public water allocation
mechanisms are far more likely to be preoccupied with equity, sovereignty, and an overwhelm-
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ing concern with satisfying the greater public good. Ideally, these objectives and the efficiency
objectives produced by MCP would be met simultaneously.
Disadvantages
Supplying water to deficient areas leads to expensive, publicly financed water projects
which preclude any need to purchase water rights based upon the scarcity of the resource. In
other words, subsidized water supply development replaces market mechanisms of water supply
via transfers of water titles. Prices, as a result, do not represent either the cost of water supply or
its value to the user. Publicly-mandated penalties on misuse of the water quota can fail to incor-
porate the value of numerous goods and services which are either difficult to price or are not
bought and sold.
As a result, public allocation mechanisms often lead to waste and mis-allocation of wa-
ter, as well as fragmented investment and management of the existing resource. Also, public
allocation often does not support user participation. In many cases, these results contradict the
original policy goals in the basis of the public intervention. Namely, social objectives are not
fulfilled.
Public allocation or regulation is clearly necessary at some levels, particularly for inter-
sectoral allocation. However, problems with this form of allocation are seen in poor perform-
ance of government-operated irrigation systems, leaking municipal water supply systems oper-
ated by public utilities, licensing irregularities and inadequate controls over industrial water use,
and damage to fish and wildlife habitats.
Meinzen-Dick and Mendoza (1996) point out that a major reason for such problems lies in the
failure of the public allocation mechanism to create incentives for water users to conserve water
and improve use efficiency. Under public management the dominant incentive to comply is
coercion; that is, setting regulations and using sanctions for those who break them. But this type
of incentive is only effective if the state detects infractions and imposes penalties. In many cases
the state lacks the local information and ability to penalize, e.g. for breaking water delivery
structures or for excessive water withdrawals. It is relatively more effective where there are
fewer points to monitor; for example, main canals of large irrigation systems rather than tertiary
delivery structures or small-scale irrigation, or withdrawal and discharge points for a few large
factories rather than for many small business enterprises.
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Furthermore, most implementing agencies dealing with water resources have only sec-
toral responsibility (e.g. to deal with irrigation or drinking water or industry or environment).
While the state as a whole has responsibility for overall water use, the executing agencies have
neither mandate nor incentive to create integrated projects or to balance the needs of various
users (Yoder 1981).5 Thus, the agencies operate within strict limits on the quantity of water use,
or respond only to single constituencies (e.g. farmers, industrialists). This provides very little
flexibility to respond to changing patterns of water demand, and the decision-making mecha-
nisms for inter-sectoral allocation are either unclear or highly politicized. In practice, public
water allocation mechanisms typically consist of various inefficient water pricing schemes. Flat-
rates/fixed charges are common, easy to manage and easy for users to understand. Other rate
schedules are often based either upon a minimum charge or a fixed charge. These charges are
often accompanied by either volume charges, seasonal rates, or an increasing or decreasing block
rate.
The structures of fees for water use under pubic allocation often do not create incentives
for the users themselves to save water and use it more efficiently. The vast majority of irrigation
systems, and even many domestic water supply systems, charge a flat rate per hectare or house-
hold served. Under this type of fee, not only do the users not pay according to the amount of
water consumed by that land or that household, but increasing the water charges-a simplistic
solution too often suggested to improve water use efficiency-can even have a perverse effect of
increasing water consumption as people feel that they are entitled to more water because they are
paying more.
Water Markets
In the following discussion, a market-based allocation of water is referred to as an exchange of
water-use rights, compared to a temporary exchange of a given quantity of water between neigh-
boring users. The latter is called a spot water market, and operates some times under different
set of rules than a market for water-use rights.
From a strict economic point of view, the operation of a (competitive) market has several
conditions. First, the market should have many identical sellers and buyers, each with complete
There are several exceptions such as the widening role of the various departments of Commission Na-
tional del Agua-CNA in Mexico (Cummings et al. 1996), and of (Water and Power Development
Authority) WPDA's water wing in Pakistan (World Bank 1996).
13
information on the market rules (institutions), and each facing similar transaction costs. Second,
decisions made by each seller or buyer are independent of decisions made by other sellers and
buyers. Third, decisions made by one individual should not affect the outcome of another indi-
vidual. And, finally, the individuals (or economic agents operating in a competitive market) are
motivated to maximize their profits. Under such conditions, demand and supply forces dictate
the quantities to be traded and the unit price for the commodity in this market.
Usually, commodities (resources) will move from their uses at low value to highest
values. Therefore, market-based allocation is considered economically efficient from an indi-
vidual and social point of view.
In the case of water, there are several additional stipulations resulting from the special
characteristics of water that have been discussed earlier. Sometimes it requires intervention of
government to create necessary conditions for markets to operate. This includes (1) defining the
original allocation of water rights, (2) creating the institutional and legal frameworks for trade,
and (3) investing in basic necessary infrastructure to allow water transfers. For more details see
Holden and Thobani (1995).
The market mechanism, if operated under such conditions, could secure water supply for
high-value uses in various sectors without the need to develop new, costly water resources.
Also, by allowing compensation for water sold by low-value uses, water markets provide an
incentive for more efficient water use.
Advantages
Water markets provide several benefits. The seller has an opportunity under certain
conditions to increase profitability (except if all water resources are sold and the seller ceases
economic activity). The buyer benefits because the water market encourages increasing water
availability. In the case of water trade between the agriculture and the urban sectors, the envi-
ronment may benefit in two ways. First, the water market induces a shift towards improved
water management and efficiency in agriculture, reducing irrigation-water-related pollution.
Second, with the water market, farmers may afford to internalize externality cost, or even pay
higher pollution-related social cost.
Rosegrant and Binswanger (1994) enumerate the following potential benefits of water
markets. The first benefit is empowerment of water users by requiring their consent to any
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reallocation of water and compensation for any water transferred. The second is to provide
security of water rights tenure to the water users. If well-defined rights are established, the water
users can invest in water-saving technology knowing that they will benefit from the investment.
Third, a system of marketable rights to water would induce water users to consider the full
opportunity cost of water, including its value in alternative uses, thus providing incentives to
efficiently use water and to gain additional income through the sale of saved water. Fourth, a
system of tradable water rights will provide incentives for water users to take account of the
external costs imposed by their water use, reducing the pressure to degrade resources. Fifth,
compared to the often-recommended volumetric pricing of irrigation water, the rights-based
approach would be more acceptable to farmers. Imposition of volumetric pricing Wou4l '.e seen
by farmers as expropriation of traditional water rights, which would create capital losses in
established irrigated farms. Establishment of transferable water rights would instead formalize
existing rights to water.
Finally, allocation of water through tradable rights provides maximum flexibility in
responding to changes in crop prices and water values as demand patterns and comparative
advantage change and diversification of cropping proceeds. The market-based system is more
responsive than centralized allocation of water.
Disadvantages
Several unique characteristics of water present special challenges in the design of a well-
functioning water market. A list of these difficulties include: measuring water, defining water
rights when flows are variable, enforcing withdrawal rules, investing in necessary conveyance
systems, sale of water-for-cash by poor farmers, and finally, externality and third party effects
and environmental degradation: A transfer of water from agriculture to urban use may reduce
return flows, which may affect a third party. In addition, increased industrial and urban water
use may create extensive environmental pollution if necessary measures to limit industrial and
municipal untreated sewerage disposal are not introduced.
Effective market allocation requires that third-party effects of water trades can be iden-
tified and accurately quantified, and the associated costs are fully taken into account in the
exchange process. The pervasiveness of externalities such as changes in downstream and return
flows, pollution, overdraft of water tables, waterlogging, and other adverse, often irreversible
environmental effects, provides the fundamental argument against markets. From the economic
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efficiency viewpoint, these externalities should be considered in the cost of the transfers. From
the equity viewpoint, compensation for these third party effects should be paid to those who have
been harmed as a result of the agreement.
Perhaps even more important, in existing irrigation systems, the value of prevailing use-
fructuary water rights (formal or informal) has already been capitalized into the value of irrigated
land. Imposition of administered pricing is correctly perceived by rights holders as expropriation
of those rights, which would create capital losses in established irrigation farms (Rosegrant and
Binswanger, 1994). Attempts to establish administered efficiency prices are thus met with
strong opposition from established irrigators, which makes it difficult to institute and maintain
an efficiency-oriented system of administered prices (Randall, 1981).
User-Based Allocation
Farmer-managed irrigation systems provide one of the clearest examples of user-based
water allocation. Studies have shown a wide variation of rules for allocation within such sys-
tems; by timed rotation, depth of water, area of land, or shares of the flow (Yoder 1994). In the
domestic water supply sector, user-based allocation is seen in community wells and hand pump
systems, as well as in a growing number of more complicated systems managed by water and
sanitation associations (Watson et a]. 1994). Inter-sectoral allocation by users is seen in the
management of village tanks (ponds) or other local water sources used for domestic water,
irrigation, and even animal watering.
User-based allocation requires collective action institutions with authority to make
decisions on water rights. While empirical studies of common pool resource management
(including water) have shown that such institutions can develop spontaneously or through an
external catalyst, the institutions are not always in place or strong enough to allocate water
efficiently (see Meinzen-Dick et al, 1997). A wide range of factors affect the viability of organi-
zations for water management, but Coward (1986:227) argues that property rights are a critical
factor. The creation and ownership of irrigation property--including water, conveyance struc-
tures, and pumping equipment--form the basis for relationships among the irrigators, which
"become the social basis for collective action by irrigators in performing various irrigation
tasks." The cohesive force of property is important in many aspects of water management, but it
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is especially critical for allocation. User groups cannot make decisions regarding water if they
have no rights--defacto or de jure--over that water (Meinzen-Dick and Mendoza 1996).
The effect of user-based allocation on water conservation depends on the content of local
norms and the strength of local institutions. It is easier for users to organize collective action for
increasing their water supply (which represents a positive-sum activity for the membership) than
for distributing the water amongst themselves (which is at best a zero-sum activity). If the
organization does not actively promote efficient use, this allocation mechanism will have little
effect in demand management. However, social norms can create incentives for conservation,
particularly if they are backed up by rules against excess consumption, monitoring of compli-
ance, and sanctions against water waste. Where members of water management organizations
are conscious of the need to conserve, watch each others' water use patterns, and trust that if they
save water, others will do likewise so that all contribute to the common good, user-based alloca-
tion can achieve high efficiency in water use.
Advantages
A major advantage of user allocation is the potential flexibility to adapt water delivery
patterns to meet local needs. Because those directly involved in water use--either for agriculture,
home consumption, or industry--have more information on local conditions than the agency staff
possesses, they do not have to rely on rigid formulas for allocation. For example, certain fields
may be given more water than others, based on the water retention capacity of the soils. User
organizations may also take into account local needs for watering animals, washing clothes,
bathing, or other small enterprises--needs which a sectoral agency has no mandate to meet. The
result can be improvements in output per unit water, or in equity, or both. Additional advantages
of the user-based allocation include, in summary, administrative feasibility and sustainability,
and political acceptability.
Disadvantages
For user-based allocation rules to operate requires a very transparent institutional struc-
ture, which may not always be available. Local user-based institutions can be limited in their
effectiveness for inter-sectoral allocation of water because they do not include all sectors of
users. A village community may readily identify with the needs for domestic use, animals, and
irrigation, though the particular interests of different groups within the village (e.g. women's
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greater interests in domestic water, pastoralists in animal supplies, farmers in irrigation) will
differ. But industrial demand is often seen as "outside" the local community, and therefore not
amenable to user-based allocation.
Even where inter-sectoral competition is not localized, but requires coordinating be-
tween municipal and industrial demand in one area, and irrigation in another part, user-based
allocation can work through federations of user groups. User associations that include all who
hold rights to water from a common source (including agricultural and other uses) are able to
negotiate inter-sectoral allocation amongst themselves in Chile. During periods of acute water
scarcity, agriculture receives lower priority than urban needs. However, even during the three
most severe droughts, agreements were reached in the vast majority of cases because all parties
negotiate directly and prefer to "keep the state out" (Rosegrant and Gazmuri 1994).
EXPERIENCE FROM VARIOUS COUNTRIES
The allocation mechanisms described above have been applied, with some combinations and
modifications, to different sectors and locations. In this section we review several interesting
cases which provide some lessons to be considered in future implementation of allocation
mechanisms.
Marginal Cost Pricing
Given the long list of disadvantages and difficulties of implementing marginal cost pricing, it is
not surprising that there are only few good examples of its strict application to water manage-
ment in reality.
Irrigation water in France
In France, water for irrigation is generally sold on the "binomial tariff' basis. (The bi-
nomial tariff system accounts for off-peak and on-peak costs). Jean (1980) describes a system in
operation since about 1970. The Societe du Canal de Provence et d 'amenagement de la Region
Provencale supplies water to some 60,000 hectares of farmland. This scheme is thoroughly
18
grounded in the theory of marginal cost pricing, with full recognition of the need to consider and
reflect long-run costs if farmers are to make "correct" investment decisions in terms of land,
cultivation, crops, irrigation equipment and storage (and, indeed, if the Societe itself is to do the
same with respect to new water resource works). A peak period is identified lasting for five
months from mid-May to mid-September and that plays a central role in the tariff. Tariff design
starts from the objective that tariffs should reflect:
* In the peak period, long-run marginal capital costs augmented by operating costs.
* In the off-peak period, operating costs only.
* Possible discharge reduction in the form of pollution fees.
For various practical reasons, this objective sometimes has to be compromised. Thus
irrigators "correctly" contribute to the capital costs for their distribution network only through an
annual charge based upon the peak demand subscribed for by the user. The development costs of
the headworks, which in theory should similarly fall within irrigators' demands in peak periods,
are in fact lumped in with operating costs in order to establish a single year-round volumetric
charge. This results from "considering the nature of the consumption which is distributed in a
well-known way between the peak periods and the off-peak periods, ... [it] simplifies the price
scale and enables the use of a single meter reading" (Jean 1980).
For other sectors (e.g., urban, industrial), operating costs constitute the only element in
the off-peak volume charge. Off-peak demand thus has no role in determining responsibility for
capital cost recovery, precisely as the economic theory of peak demand indicates (see Rees
1984).
However, the French government maintains that the agriculturists relying on the canal
are a beneficiary sector and therefore a state subsidy of 50 percent on all elements of the irriga-
tion tariff is granted. At a stroke, the price signals are clouded and the messages altered. Never-
theless, the concept remains intact (Jean 1980).
Although not strictly following marginal cost pricing principles, the use of incentive-
based volumetric pricing has been effective in inducing household and industrial use. Following
are several examples.
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Household Consumption
Removal of subsidies in urban water use can have dramatic effects on water use. An in-
crease in the water tariff in Bogor, Indonesia from US$0.15 to US$0.42 per cubic meter resulted
in a 30% decrease in household demand for water. It is likely that this degree of price respon-
siveness is typical for household demand in developing countries, although evidence is limited.
A considerable body of analysis for developed countries shows a central range of price elastici-
ties of demand for household water of -0.3 to -0.7 (Frederick 1993). There have been few stud-
ies of household demand elasticities in developing countries because water tariffs have generally
been low, price changes have not been significant, and metering has been absent. However, the
limited available evidence is consistent with the estimated values for developed countries. In
urban Brazil and Mexico, estimated price elasticities for urban water demand are -0.60 and -0.38,
respectively (Gomez, 1987).
Industrial Water Use
Experiences in the U.S. and Japan show that increased water prices, effluent charges, and
pollution regulations have great potential to generate industrial water savings by promoting
investment in water recycling and water conservation technology. Increased water tariffs in-
duced a 50% reduction in water use over a 5-year period by a fertilizer factory in Goa, India. In
Sao Paulo, three industries reduced water consumption by 40-60% in response to establishment
of effluent charges. In Israel, water consumption per unit value of industrial output dropped by
more than two-thirds from 1962 to 1982. This was achieved through issuance of restrictive
water licenses, introduction of water-saving technologies, and subsidized financing for invest-
ment in water-saving processes (Bhatia and Falkenmark, 1993).
Public Water Allocation
Since public water allocation is long standing and widely practiced, there are several examples
for the well rooted public water allocation procedures.
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Bureau of Reclamation and the American West
In the United States, private groups first invested in major irrigation works in the West
in the mid- 1800s. Throughout the remainder of the 1800s the U.S. government had a small and
somewhat peripheral role in Western irrigation development. By the turn of the century, there
was a stronger sentiment for some control of large, western rivers but that the costs of such an
endeavor were beyond the means of private irrigation companies (Wahl 1989). This led to the
passage of the Reclamation Act in 1902 and the creation of an agency that later became the
Bureau of Recreation (BuRec). Initially, the BuRec undertook the building, operation and
maintenance of dams, reservoirs and canals to support irrigation expansion in the West. Since
1950 the Bureau of Reclamation, responsible for federal development of irrigation, has irrigated
between 21 and 25 percent of total irrigated land in seventeen Westem states (Wahl 1989).
The structure of allocation and cost-recovery under the BuRec has evolved over time.
Since 1906 the BuRec has had authority to allocate water for irrigation, for nearby towns and
cities, and for hydroelectric power. However, the BuRec has no rights to water per se. Rather, it
has control and management authority of water distribution and storage systems. Furthermore,
the BuRec cannot charge water users more than the capital and O&M costs (Cummings and
Nercissiantz 1992).
Public water reclamation for these uses has long been tied to water supply subsidies and
the extent of these subsidies has increased over time. T hese subsidies take two possible forms:
interest free repayment schedules, and repayment schedules based upon bureau estimated
"ability to pay" (Wahl 1989). As Wahl describes the reclamation subsidy: "What began as a
proposal for modest federal assistance in settling the arid West, providing a revolving fund to
which costs would be repaid within ten years, evolved into a program that provided major sub-
sidies to irrigation water users--sometimes more than 90 percent of construction costs" (Wahl
1989: 38).
These programs require host states to provide around 50 percent of necessary funding
and also require that the projects demonstrate benefits beyond private benefits. The federal
program resulted in more irrigation in the West. That expansion, however, was not without a
cost. While many private investments in irrigation in the West failed, the government continued
irrigation subsidies to water users and averted farm failures by extending repayment periods,
deferring repayment, and sometimes forgiving repayment altogether (Wahl 1989). At a national
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level, "...extensive water subsidies have led to inefficient use of land and water resources as well
as capital, labor and materials." (Wahl 1989: 45). The costs of many subsidy-supported projects
sites exceeded benefits. "Consequently, dams have been placed where rivers, in the absence of
the irrigation subsidy, would have been left in their natural state. Furthermore, low-cost water
has provided little incentive for careful use of the resource. This means that water has been
diverted to uses other than those that would produce the greatest economic benefits and has, for
the most part, continued to be used for the original purposes." (Wahl 1989).
The PASTEN Mechanism in Indonesia
The PASTEN system, which is administered by the Provincial Water Resources Srvices
with guidance from the Directorate General of Water Resources Development (DgWRD) of the
Ministry of Public Works in Indonesia, is a process of determining fixed proportions of water to
allocate it across tertiary-level irrigation units (Howe 1990).
The PASTEN allocation mechanism, described in Box 2, takes into account different on-
farm canal conveyance and operational losses, it takes into account the different cropping pat-
terns in a simple way that can be adjusted as crop stages change, and it provides a set of comput-
able guidelines for the water management team who must allocate the water by controlling flow
rates at various gates. No consideration is given, however, to economic values of different crops,
differing productivity of individual tertiary units, and to opportunity costs of water not used in
other projects on the river basin. The PASTEN mechanism is incompatible with the efficiency
criteria because it sets proportions of water to be applied to each crop based upon the maximum
physical yield possible.
Box 2: Principles of the PASTEN Allocation Mechanism.
The basic design consists of biweekly calculations of the "full water requirement" of each tertiary
unit given the crops and their growth rates in each unit. To this amount is added the amount of water that
can be expected to be lost before application (terrain, soil type, canal loss). The sum is an estimated "full
diversion requirement" (DR) for each unit. The full diversion requirement is compared to the known total
water available in the system to estimate a "PASTEN Index," or K value, which is actually a ratio of
available water to DR. When available water resources at least meet DR, the K value is equal to I or more.
A water shortage means that K is less than 1. The allocation of water then is done in fixed proportions
across all irrigation units. Proportions allocated are based on the ideal water applications given no scarcity,
and the delivery and application losses of each unit.
Source: Howe (1990).
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Water Markets
Water markets are relatively new in many regions, although in Spain they have func-
tioned for several centuries (Reidinger 1994). One can find variations that include surface water
markets, groundwater markets, water auctions, and water banks. In this section we review two
case studies from Chile and California that feature variations of the of surface water trade prin-
ciples.
Water Markets in Chile
Chile's National Water Code of 1981 established a system of water rights that are trans-
ferable and independent of land use and ownership. Water rights are defined as permanent (from
unexhausted sources) or contingent (from surplus water), and as consumptive or non-
consumptive. Rights can be obtained by petition to the government or they can be established by
right based on historical use; they can also, of course, be purchased from the owner. In practice,
the historical-based right method has been used the most to establish water rights, because the
government's 1966 expropriation of all water rights has necessitated establishment or re-
establishment of those rights since the National Water Code was passed.
The most frequent transaction in Chile's water markets is the "renting" of water between
neighboring farmers with different water requirements (Gazmuri 1994). This can also be termed
a "spot market" in which the owner sells a portion of his or her water, usually over a brief
period (perhaps even hours), sometimes without fulfilling formal, legal requirements. Although
the volume of sales may not be metered, the buyer and seller have good information on the
amount exchanged. Compensation may be in kind or in some other form of monetary or non-
monetary benefit.
The formal buying and selling of water-use rights in Chile requires legal sanction and
registration. Although the law defines water use rights as a volume of flow per unit of time (24
liters/sec), in practice rights are a share of stream flows, since variability renders the volumet-
ric/time specification impractical. Use rights are required for groundwater exploitation; these
rights prohibit the user from other withdrawals within the area specified in the right. There is a
system in place for challenging the granting of water rights and for resolving disputes related to
them.
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Prices for water rights are left to the buyers and sellers. In a study covering over 700
shares of water in four river valleys in Chile, Hearne and Easter (1995) found that for both intra-
and inter-sectoral transactions, "market transfer of water-use rights does produce substantial
economic gains-from-trade," in the two valleys were transactions were numerous. In the Elqui
Valley, for example, annual net gains from trade were calculated (Hearne and Easter 1995) to be
in the range of US$5.99 and US$1642.00, with an average of US$826.00 per share of water
traded, depending on the type of trading sectors. In the Limari valley the net gains-from-trade
were calculated to be in the range of US$1.65 and US$2.85 with an average of US$2.40 per
cubic meter. In the Limari Valley I share equals, on the average, 4880 m3/year, so that the
average gains from trade in the Limari Valley are US$11,700 per share.
Drought Water (Market) Bank in California
A water bank is an institution that offers to buy and sell water under some set of rules
regarding prices and quantities, in a given service area. Water banks can mark up water prices to
cover transaction costs and can also use it to compensate the area of origin. There are several
examples of efficient and equitable transfer of water by water banks (Howe and Goodman 1995).
We will present here the California drought water bank of 1991-92.
After five years of continuous drought, an emergency drought water bank (DWB) was
set in California, following appropriate legislation (to allow for transfer of water rightsand
minimize environmental degradation). The aim of the DWB was to enable transfer of water
from agriculture in northern California to urban, municipal, and agricultural sectors in southern
California. The principles of the DWB were:
* Voluntary transfers
* Protection of fish and wildlife
* Protection of ground water basins
* Efficient use of water in receiving areas
* Protection of present water right holders.
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In 1991, the purchase price by the DWB was set to $125/acre-foot6 and the sale price by
the DWB was set to $175/acre-foot. As a result, more than 300 transactions were recorded. The
DWB bought 820,000 acre-feet, and sold 389,952 acre-feet, mainly to urban and industrial users
(32%), and to agricultural users (16%). The difference (quantity not sold) was used for the
environment (20% of the total) and for recharge (32% of the total), which by itself has an im-
plicit economic social value; a small part was also lost in the system. The value of water pur-
chased by DWB was $102,500,000 and the sale value was $68,241,600. Direct and indirect
effects of the DWB in 1991 were analyzed by Coppock and Kreith (1992) and Howitt et al.
(1992) and include increased income in receiving areas. Negative indirect effects were noted on
soils, wetlands, and third party effects in the form of unemployment in the selling areas.
Advanced Ground Water Markets in Gujarat India
There are a variety groundwater market arrangements in India (Shah, 1993; Saleth,
1996). In Gujarat, where water selling is an old tradition, market have become a sophisticated
economic institution. The highly advanced water markets in Gujarat differ from elsewhere in
South Asia in that (a) farmers invest in modem water extraction mechanisms (e.g., pumps) for
selling water which has become a specialized subsidiary occupation, and (b) substantial private
investment in underground pipeline networks generate high degree of competition amongst
sellers of water. Once one seller establishes a pipeline network, he drives out of business several
others who used unlined field canals to convey water to the buyers.
Although the evolution of such "irrigation networks" is not uniform in different parts of
Gujarat, agriculturally advanced areas have better developed networks. This type of investment
in the water market may have a large multiplier effect. In addition to making the water markets
more competitive, investments in conveyance and in water extraction increases efficiency in
water and power use.
Latent Water Markets In Cumbum Valley, Periyar- Vaigai Basin, Tamil Nadu
Field observations made in a village (Royappan Patti located in the Cumbum Valley,
Periyar-Vaigai Basin, Madurai district, Tamil Nadu) reveal certain important aspects of ground-
water market operation (Dinar and Saleth, 1997). This village like most others in this valley has
6 1 acre foot equales 1235 m
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three farming systems (the canal command with an exclusive focus on paddy, the ground water
areas centred on banana, coconut, and grapes, and the rainfed system with mainly groundnuts and
redgram (a type of pea) followed by coarse cereals for fodder) running parallel to the Periyar canal
between the river and the foothills of the western ghats.
Excellent soil and economic opportunity from high value crops have prompted many
private farners to undertake ground water transfers both from the canal commands as well as from
the foothills south of the village where a dam with a capacity of 2.25 million m3 is currently under
construction. (Although the water from this dam is planned to be moved 25 km north of the village
by cement lined channel, the water in the dam site will recharge the groundwater aquifer in this
region.) Today, there are 10 private groundwater transfer pipelines-4 from the wells in the private
farms in the canal command and 6 from the wells located in the private farms on the Shanmuga
River banks. All these transfers involve a 12 HP pump of 30 m3/hour delivery capacity and running
on an average 8 hours/day (depending upon power availability per day which is normally limited to
4 hours in the day and 4 hours in the night). Although power cost is zero (due to free electricity for
farming in Tamil Nadu), the maintenance and investment costs are very high as each of the water
transfer project with an average length of 3 to 4 km costs anywhere between Rs. 50,000 to 200,000.
Each of these transfer project irrigates on an average 20 ha of land either in isolation or in
conjunction with local wells (which are very few with marginal water yield).
Since most of the water transfers are used to irrigate the rainfed area close to the foothills,
land productivity (and hence, water productivity) has increased tremendously mainly due to crop
pattern changes and land use intensity. The lands used earlier for raising crops like groundnut,
pulses, and coarse cereals under rainfed condition are now under high value crops like banana,
grapes, and coconut. As a result, the additional income per ha has increased 10 to 20 times during
the past few years. (While the income/ha from rainfed crops can hardly exceed Rs. 10000/ha/year,
the income/ha from grapes and coconut comes to about 100,000 to 200,000/ha/year.7) More
importantly, the intensive year-round cultivation due to groundwater transfers has also increased
employment, at least, by three times and reduced seasonality in farm employment.8
'Revenue for grapes (237,000 Rs./ha) is calculated based on 6000kg/season/acre with 2.47 acres per ha, 4
harvests per year and a price of 4 Rs/kg. Revenue for coconuts (194,400 Rs./ha) is based on 240 trees per
ha, 9 harvests per year totaling 30 nuts/tree/year and a price of 3 Rs./nut. Establishment cost for grapes are
70,000 Rs/ha and for coconuts 30,000 Rs./ha. With lifespan of 20 years, and minimal variable costs, the
range of Rs. 100,000-200,000 seems reasonable, and even underestimation of the actual values.
8One reviewer raised the question of risk to the high value perrenial crops in the case that the water market
collapses. Although this issue is less important with permanent water markets, in the case of latent
(supplemental) water market this is probably the reason for such merkets to "wake" in drought or water-
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These water transfers initiated by large farmers using mostly their own capital (some
farmers have also obtained bank loans) also benefits smaller farms in the vicinity through periodic
water markets (i.e., during water scarce time) operating under two arrangements: one involving the
sale of water at Rs. 20/hour and the other involving a somewhat a long-term arrangement. Under
the latter arrangement the buyer has to deposit a refundable amount of Rs. 10,000/acre with the
seller who, in turn, supplies water in lieu of interest payment (since the monthly interest in the
village varies from 2 to 10 per cent, water payment amounts to Rs. 2400 to 1200/acre/year. This
higher amount is not a problem as the buyer also grows high value crops like banana.) Notably,
since these water marketing activities occur essentially in scarce water periods, they remain latent
in periods with better rainfall and water supply conditions.
Transferable Water Entitlements In Australia
Transferable water entitlements were introduced in several Australian states--in New
South Wales, and South Australia in the early 1980s, and in the late 1980s in Queensland and
Victoria. Data in Pigram et al. (1992) suggests a positive trend in quantities of water trade in all
states over the period 1987-1988. The volumes transferred accounted for 5- 10% of the water use
in these states. It should be emphasized that most water transfers were not permanent, but sea-
sonal; of all transaction, 620 were of a temporary nature and 46 were of a permanent nature.
Total volume transferred temporarily was 137.3 million m3, and total volume transferred perma-
nently was 19.7 million m3. The data for the New South Wales state, which exists between 1984
and 1991 is summarized in Table 1. From the data it can be seen that annual transfers vary,
although the trend is increasing, and the average unit value of water (in nominal Australian $)
vary between I cent and 13 cents.
The accumulated experience with the transfer of water among users (mainly water
agencies providing water to agricultural farmers) both over time and across regions can shed
light on relative importance of potential problems associated with water transfers. Pigram et al.
(1992) surveyed the agencies involved in water transfers and the results are presented in Table 2.
The range of potential problems in table 2 may be indication of the set of benefits and
concerns associated with the implementation of transferable water rights elsewhere. While some
potential problems, such as capacity and water and soil salinity, are associated with the physical
short years than in regular rainy years. In such events available water is transferred from staple to peren-
nial crops.
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characteristics of the regions involved, the other potential problems are associated with the
existing economic and social structures of the regional activities. Therefore, these institutions
can be generalized conditions prevailing elsewhere. The interested reader may find additional
insights to the latter issues in Holden and Thobani (1996).
Table 1: Volumes and Values of Water Transfer Transactions in New South Wals (1984-
1991)
Year 1984 1985 1986 1987 1988 1989 1990 1991
Volumes Trans- 5.2 34.9 50.7 80.6 342.4 87.6 110.0 140.0
ferred (106m)
Values of 0.7 1.8 4.8 4.7 17.0 1.1 10.5 8.0
Transfer ($106)
Value per Unit 0.135 0.051 0.094 0.058 0.049 0.012 0.095 0.057
of Water ($/m3)
Source: Calculated from Pigram et al. (1992, pg 27, 31)
Table 2: Relative Importance of Potential Problems in Agency Decisions on Transferability
Application
Number of Agencies Indicating
Problem Was
Very Important Not
Potential Problem Important Important
Increased load on existing delivery or drainage facilities 2 1 1
Increased soil salinity levels in the area receiving transferred water 3 1 -
Increased water salinity levels in the receiving area 3 1 -
Reduced reliability of irrigation water supply in the area of origin - 1 3
Reduced irrigated crop production in the area of origin 1 - 3
Reduced real estate values of irrigation farms transferring water - 1 3
Discounting of securities on loans to irrigation farms - 2 2
Dominance of big operators in any market for transferability - 2 2
Source: Pigram et al. (1992, pg 20)
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Mixed Systems of Allocation
California Groundwater
In Southern California pragmatic, diverse, decentralized, and to a large extent successful
approaches to groundwater management have evolved over time as water users and local gov-
ernments have responded to depletion of groundwater resources and degradation of the environ-
ment (Rosegrant, 1995). Groundwater management programs have resulted in elimination of
overdrafts, impoundment of surface and imported water for aquifer replenishment, and had
stopped saltwater intrusion (Blomquist, 1995).
Four principles govern groundwater rights in California: (1) overlying land owners have
rights to the reasonable use of groundwater on their land; (2) relative to each other, overlying
land owners have correlative rights to water, and share proportionately in water supply reduc-
tions in the event of shortages; (3) appropriators (those pumping water who did not own overly-
ing land) have a seniority system with respect to one another, with reductions in water use im-
posed first on junior rights holders; and (4) overlying owners have a superior right compared to
appropriators to the amount of water for their reasonable use, and appropriators have a right to
the surplus remaining, if any (Blomquist 1992).
The California water law also calls for adjudication of groundwater rights among all us-
ers in a basin or aquifer when disputes over these rights occurs. Adjudication generally is initi-
ated when one or more rights holder feels that their rights are being impaired due to lowering of
water table or contamination of the water. The adjudication process has resulted in a governance
structure for the water basin which establishes water rights, monitoring processes, means for
sanctioning violations, representative associations of water users, financing mechanisms for the
governance system, and procedures for adapting to changing conditions (Blomquist 1992).
Central to the governance structures is a water management program which in different basins
has employed a variety of the instruments described above (and combinations of instruments) to
influence water demand, including pumping quotas (usually based on some notion of historical
use), pumping charges, and transferable rights to groundwater.
The key elements which have made these governance structures for groundwater man-
agement efficient in many of the basins in Southern California also make them highly appropri-
ate for developing country conditions. Key elements for the success of these governance struc-
29
tures are that they are agreed upon and managed by the water users; are responsive to local
conditions; operate with available information and data bases, rather than requiring theoretically
better but unavailable information; and are adaptive to the evolving environment.
The proper role for government is also suggested by a characteristic that is both a
strength and weakness of the establishment of groundwater management procedures in Califor-
nia. Solutions for groundwater management are not imposed, or even considered, unless a
management problem exists, thus preventing interventions that can derail efficient utilization of
groundwater. The negative side is that the move toward solutions often does not begin until
significant damage to the groundwater resource has been done, in large part because of the
difficulty in obtaining information about the status of the aquifer. This suggests an important
role for government in monitoring and reconnaissance of the groundwater resource to identify
emerging problems; and in facilitating an institutional environment that is conducive to decen-
tralized solutions.
User-Based Allocation
A rich set of examples for user-based allocations can be found in Coward (1980), Ostrom (1992),
Ostrom et al. (1994), and Tang (1992). Here we provide only several examples to demonstrate
the advantages and disadvantages of this mechanism.
Balinese Subaks in Indonesia
The Subaks of Bali are one of the strongest examples of user-based allocation. Discov-
ery of the sophistication of these systems provided the basis for some of the early challenges to
assumptions that state management of irrigation was necessary (see Coward 1980). These irri-
gation associations have developed and constructed their own irrigation systems with very little
external assistance. The systems have been sustained over time by elaborate management rules
and practices that specify obligations of each member in terms of labor and cash contributions
for operation and maintenance, including periodic rehabilitation (Geertz 1980). A key feature of
the Subaks is the "tektek" principle of proportional water allocation to each individual member.
The tektek shares are based on a proportion of flow through diversions structures. There is a
strong emphasis on equity, so that allocation takes into account the farmers' role in the associa-
tion, distance from the intake, initial investment, soil conditions, and transfers of water rights
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among members (Sutawan 1996:3-4). The systems also exhibit a high degree of flexibility and
responsiveness to negotiations among members.
Balinese Subaks have several advantages which contribute to their effectiveness, and the
sustainability of the institutions for user-based allocation over time. They are grounded in a
cohesive social structure that discourages any overt conflict. Migration has been relatively low,
which provides users with a longer time horizon to increase the payoffs to cooperation, as well as
enabling people to learn how to interact with each other. There is also heavy dependence on
irrigated production for household income. The irrigation associations are reinforced by village
institutions and religion, with priests playing an active role in allocation.
Subaks are not necessarily limited to irrigation. Pitana (1993) provides a recent case of a
locally-developed multipurpose water delivery system in Bali, Indonesia. After a serious
drought, a group of 70 villagers in Bunutin identified a water source in another village. They
raised $50,000 plus local materials and voluntary labor to construct a dam, tunnel, and canal,
with the state providing only technical advice. "The villagers voluntarily assisted the group
because the water would be used not only by group members, but by all villagers who would
have access to it for domestic purposes (Pitana 1993:14)." When water supplies exceeded do-
mestic needs, the remainder was allocated for irrigation in equal shares for all group members.
However, the need for continuous flow for domestic use influences the type of water distribu-
tion: instead of a timed rotation, each "share" receives a small flow over a proportioning weir.
One characteristic of subaks is their relatively small unit size (usually less than 300 ha).
But federations of subaks can manage water allocation up to the river basin level. Lansing
(1991) describes the traditional role of priests and temples in coordinating water flows among
subaks. Where new infrastructure is being developed to expand subaks by integrating the intakes
of multiple subsystems, there have also been externally-assisted projects to develop federations
at two levels: the subak gede (including all subaks that have been integrated into a system with a
common permanent weir) and subak agung (including all subaks along one or more river
courses--see Sutawan 1996).
Tank Irrigation in India
The tanks of South India provide a clear illustration of such locally-managed multiple use.
Many of these earthen dams and reservoirs, ranging from a few hectares to over a thousand
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hectares, date back hundreds of years. Although their largest consumptive use is for irrigation,
the water is also used for bathing, laundry, watering animals, and raising fish and trees. Village
panchayats, local temples, or specialized tank associations have traditionally managed the tank
resources, deciding such issues as how much water should be released for irrigation or retained
for fish, animals, and domestic uses. However, since the colonial period the state has taken on
an expanded role in managing the tanks, which have come under the Public Works Department
for irrigation, the Fisheries Department for fish, and various other authorities. This has eroded
the user-based management institutions, and caused greater problems for inter-agency coordina-
tion. A particular example from Tamil Nadu is presented in the next section
WUA Management of the Tank in Vengal VUlage, Tamil Nadu
The village Vengal is located about 60 km north of Madras city. The tank here is one of
the 39000 non-system tanks in Tamil Nadu. It has a storage capacity of 1.1 million m3 with a
catchment area of 6.79 km and a command area of 178.05 hectare.
The tank is the main source of irrigation (and, even, drinking water until recently when the
village got drinking water supply through pipes) and the construction of individual wells is
discouraged by potential sea water intrusion given the proximity of the village to the Bay of Bengal
(35 km). This hydrogeological condition contributes not only to the substainability of the socio-
economic entity of WUA but also to the success of the institutional aspects including inter-farm and
inter-season water allocation mechanisms.
The WUA has a membership of 252 families all owning land in the command-and
managed by an Executive Committee. Each of the four main channels that serve the command is
operated by a waterman who distributes water to fields in accordance with the guidelines set by the
WUA. During the first crop season (September - January) that coincides with the North-Eastern
Monsoon, all land in the command receives irrigation. But during the second and third crop
seasons, only about 50 and 22 per cent of the command receives irrigation (while paddy dominates
the cropping pattern in the first two season, in the third season other less water-intensive crops
enters into the cropping pattern). Interestingly, it is an accepted fact that during scarce times, land
located closer to the tanks has a priority for water (which, in fact, pre-empts water-sharing
conflicts).
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The WUA in Vengal, as far as can be observed (Dinar and Saleth, 1997), has a number of
desirable aspects for providing incentive structure not only for farmer's involvement in water
management and allocation but also for water use efficiency and conflict resolution. For example,
there is an accountability of the irrigators for their performance, rotation of service providers to
prevent build-up of vested interest, and rotation in queues of farmers for irrigation water in water-
short years.
Financially speaking, the WUA is in the process of collecting Rs. I 00/ha from the members
and applying for the matching grant of Rs.100/ha routed through the Irrigation Management and
Training Institute, Tiruchirapalli by the state government. These amounts will be deposited in the
nationalised bank in the village in the name of the WUA and interest therein will be used to support
the activities of the WUA.
Operational Rules in a Communal Irrigation System in Portugal
The conversion of water rights into a day-to-day water distribution is a sensitive matter
that may transform efficient and fair allocation into inefficient and unfair distribution. Rules
developed in Vila Cova--an agricultural communal village--in Portugal (Hoogendam et al., 1996)
form the basis of the distribution of water among the users. Issues such as beginning and ending
of the irrigation period, losses in canals, travel time of water, user sequence, and night turns, are
addressed via various arrangements that involve the community priest, and other community
institutions. For example, once it has been decided which user will start the summer irrigation, a
clock is put in the window of the priest's house to show the irrigation time and when the flow
should be taken from one user to another.
DISCUSSION
Water has become an increasingly scarce resource that requires careful economic and environ-
mental management. Traditionally, the dominant role of the state in the management of water
resources has been rationalized based on the public good characteristic of water. However,
inefficient use of the water, low recovery of the operation and maintenance expenses, mounting
costs of developing new sources of water, and problems with quality of service in agency-
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managed systems has led to a search for alternatives to increase the efficiency of water allocation
and management.
Marginal cost pricing, public, user-based, and market allocation are all found in a wide
variety of contexts. No single type of allocation is best for all contexts. The requirements and
outcomes of each need to be carefully examined. Based on the principles reviewed in this paper,
we suggest the following as key considerations (see also Meinzen-Dick and Mendoza, 1996):
There is an essential role for the state (public allocation) in the development and man-
agement of water resources, particularly under circumstances involving large scale systems. The
state's interest in many water resource investments relates to their strategic importance, e.g.
because of its role in increasing food security or public health. In addition to such positive
effects that may not fully be captured by the private users, negative externalities associated with
much water use (e.g., downstream pollution) call for a strong regulatory role for the state. How-
ever, the resulting public allocation depends on the relative political influence of various stake
holders.
User-based allocation is generally more flexible than state allocation, but the high trans-
actions costs for organizing users to develop systems and allocate water over large areas means
that this type of allocation is more often found for small-scale systems and the tertiary level of
major systems. However, the user organizations needed to provide these services are unlikely to
be sustainable unless they also offer their members greater control over water. This means they
must have decision-making authority for water allocation, as well as distribution. Such collec-
tive action is not likely to be equally effective in all locations. It is most likely to emerge where
there is a strong demand for water, and a history of cooperation.
Just as political power of different sectors affects the outcome of public allocation, the
local influence of different groups (e.g. women, farmers, pastoralists) will influence user-based
allocation patterns. Local social norms also have a major influence. Most societies have some
norms giving priority to drinking water as a basic need that should not be denied to anyone--
inside or outside the group. Islamic notions of a "right of thirst" for animals also apply in many
societies (Wescoat 1995). However, both of these norms are subject to restrictions on users that
would ritually or physically pollute the source. In India and Bangladesh, caste purity and pollu-
tion restricts the access of low-caste households to water from many sources. They may be
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precluded from bathing or washing clothes or dishes, and even have to depend on high-caste
members to draw drinking water for them (Sadeque and Turnquist 1995).
Market allocation has strong advantages in providing incentives for users to seek the
highest-value applications for scarce water resources. For the operation of effective water mar-
kets, well-defined, quantifiable, and transferable property rights must exist. Market development
and the establishment of clear and firm water rights are compatible with continued state in-
volvement and expanded user group participation in water management. In the establishment of
tradable water rights and development of water markets, identifying, establishing, and adjudicat-
ing water rights; quantifying, monitoring and regulating harmful "third party effects"; and pro-
viding the appropriate legal and institutional support remain the government's vital responsibili-
ties. The outcome of market allocation depends on the economic value of water in different
uses. This raises legitimate concerns over the equity implications for smallholders and others
who may be unable to compete in the market, and therefore lose rights to water. But one of the
major advantages of market allocation is that it provides compensation to those who give up
water. As industrial, municipal, and environmental demands grow, farmers are likely to lose
water to other sectors under public and user-based allocation, as well, and it is not clear that they
will be compensated. Moving toward tradable property rights in water may ease the process of
inter-sectoral reallocation by compensating the "losers", and creating incentives for efficient
water use in all sectors.
In practice, most countries have some combination of water allocation mechanisms.
Each allocation mechanism has advantages and disadvantages. Efficiency is an important goal,
but the allocation mechanisms that are considered efficient, are often hard to implement, and
require supporting infrastructure and institutions, in addition to expensive monitoring and en-
forcement systems. Therefore, top-level commitment to water allocation that pursues economic
efficiency is needed. The expense of monitoring and enforcement of efficient water allocation
mechanisms is given as a justification for such commitment. However, the cost of monitoring
and enforcement is a real social cost, and when such costs are too high, then it may not be eco-
nomically efficient to pursue what would otherwise be deemed economically efficient allocation
,methods.9 Moreover, if the principles discussed in this paper are to be used, countries should
9For a comprehensive technical economic discussion and demonstration, see Tsur and Dinar (1997).
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make the commitment to developing and supporting the institutions and individuals that will be
putting these principles into action.
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